Around the turn of the millennium reviewers noted that the marriage of dance and technology had produced a few significant works which startled audiences and shifted attention to what we now call digital performance. While the growth of computer-based art is an accepted phenomenon in globalized technological cultures, the genre of digital performance is still adolescent and thus in need of historical and conceptual underpinnings.
Tools and Choreographic Systems
If we ask what models of interaction influenced the choreographic imaginationrecording and capture tools of course played a role as much as the electronic instruments and controllers used by musicians. Tools are enabling especially when they alter or constrain our approaches to performance making, and thus also invite reflection on our methods. Interactional artworks require the user (as in all participatory scenarios) to learn the rules of the system, intuit ways in which the system responds, testing various potentials of systemic feedback when generating forms and sounds. In the early years of such interaction art, while there was much shadow play there was also real discovery of expressive physical, sensuous experience. Since bodies constantly change, in and through their ongoing relationships, a sentient environment can inspire dynamic bodily inscriptions, as forms, matters and sensations unfold. 
Synchronous
Objects becomes a series of re-mappings of the distributed flows of the dancers' movements providing tools that allow the user to trace, re-imagine and re-draw spatio-temporal behaviors from the dance (http://synchronousobjects.osu.edu).
The Croatian BADco. has also released a tool kit, Whatever Dance Toolbox (software by Daniel Turing), enabling image analysis of the process of compositional, improvisational and dynamic decision making, as well as the study of how a machine 'sees' performance and how we can think about the totality of relations between performer, system setup, choreography and generated data-outputs (images, sounds).
The Brasilian Cena 11 company, directed by Alejandro Ahmed, is another case of a group working directly with programmers developing their own custom-built systems.
When I met them in 2007 they explored the combination of dance and robotics, similar to We must also keep historical precedents in perspective. Today's mocap-based animations, created in commercial film but also in computer science, human factors and graphic art departments that look for performers to be 'subjects' for capture, find their historical roots in late 19th century motion studies in chronophotography and early cinema. 4 However, figure animation for avatar choreography today does not even need motion-capture systems and real subjects as it can just as easily be generated in software programs (Lifeforms, 3D Studio Max, Maya, etc 
Feedback Systems and Wearables
This new writing of dance implies thresholding, scaling, filtering and parameterization, various processes that belong properly to computing/computer vision science, not aesthetics. What does the computer want? Frankly, I do not care so much anymore, and if this chapter would drift in a different direction, I should address the critical questions of gender, race and age, privilege and dis/ability that often get overlooked when 'technology' is spoken of as if it were neutral or a matter of functionality. Not drifting, I
posit that techno-choreographic working methods incorporate instruments (cameras, data projectors, microphones, sensors, microcontrollers) and software tools allowing them to structure and control the various components of a performance event: sound, video, 3D
animation, motion graphics, biofeedback, light. It is the convergence of choreography with instrument and system design -the languages of programming, electronic music and film editing in real-time processing -that I define here as 'choreographic system'.
We cannot look at human performers in the interface as separate from the interactive software system. In fact, software programs can also be performers of choreography. In the posthumanist sense, then, digital devices and algorithmic organizing have their own agency.
If we use a diachronic perspective, there are two generations of interactional design. In the first generation of interactive dance theatre of the 1990s, when 'mapping'
(gesture to sound, gesture to video output) was explored in the interface configuration for performer and reactive environment, such understanding of the system was inspired by the cybernetic vision of feedback control and the modeling of the machine on the human actor. Direct interfaces (flex sensors, accelerometers, micro switches, pressure plates, and so on) required specific techniques of use which sometimes led choreographers to argue that the dancer acted as a live video editor or musical instrument. The dancer also often had to be wired up, and the wires showed openly. But aesthetic and conceptual concerns regarding the emergent techniques (criticized as limiting in their triggering function) eventually led to a search for alternate interfaces. Dance-tech or music-tech collaborations involving direct, gestural interfaces have declined even if some practitioners continue to argue that the interface should remain tangible so that mappings between performative input (gestural) and output (video/sonic) are easily inferred.
An analysis of specific artist-instrument combinations suggests that localized techniques had to be developed to combine choreography and improvisation; one can also identify a common set of software techniques (for example granular synthesis) and filtering parameters applied to digital video/sonic output. Especially with regard to digital dance/music collaborations on stage or in interactive installations, both the gestural and the software parameterization techniques should be given equal recognition. If there were a larger range of works available for analysis, one would be better able to distinguish the scales of sensor data values (able to be transformed by the reactive environment) from the particular performance technique -or through the style of choreographic improvisation harnessed for a particular output. It is not only the system that 'recognizes' gesture. The dancer also needs to sense, and develop somatic awareness, of how to move and express with a body-worn sensor or a Kinect camera looking on.
I shall evoke three performances. In July 2003, the gigantic Engine Room of the abandoned Coal Mine Göttelborn (Germany) was used to house a large crowd for an interactive sensor-dance, Titled On, which dramatized the dancer's breathing organism.
The performance took place at the end of the first international Interaktionslabor. Upon entering a door to a staircase, the audience would glance down thirty or forty feet to an empty space where one of the two winding engines of ten thousand horsepower had stood, the remaining one now facing a gaping hole on the south side, the entire building a In UKIYO, analog technologies were foregrounded, to an extent, in a performance fully embedded in a digital programming environment. Some of our wearable techniques use a 'cracked media' approach, for example the dancers actuate tools of media playback by distorting original functions as a simple playback device for prerecorded sound or image (see Fig. 6 ). Some of the costumes use dysfunctional audio objects, others translate musical instruments (such as the bandoneon) into hieratic garments evoking a surreal (Kyogen) character. Some of the movement language in Act II is 'learnt' and adopted, copying avatar choreography developed by software. Delineating the main kinaesonic features of the UKIYO system would stretch beyond the scope of this chapter, but I wanted to refer to wearable technologies as an important dimension of contemporary performance design (inspired by developments in fashion and smart textiles but also in nanotechnology and affective computing).
Choreographic Systems and Artificial Intelligence
My second example is neither site-contingent nor improvisatory but reflects interactive choreography which can be repeated and cued within the various states of the system. It might be contradictory to speak of repeatable choreography when introducing the second generation of interactive systems, since the continuity of computer processing co-evolves with the dance movement and generates its own creative behavior that might be readapted into the choreography. Whereas the first interactivity understood humancomputer interaction on a stimulus-response or action-reaction model, the second interactivity emphasizes sensorial dialogue insofar as human enaction and machinic processes each have their own autonomy, being able to self-reorganize in constant dynamic relationship.
Second-generation interactivity heightens the experience of human embodiment as the sensory coupling of dancer and virtual environment evolves in noncausal (nontriggering) correlation with one another. Ideally, both performer and performance system respond to the other's enaction by undergoing self-permutations on the basis of distinct operational rules (a form of 'post-choreography') which are internal to them. (2006) . Cloud Gate's flowing ink is real, and the dancers move in front of the suspended rice paper panels; the trails of energy mingle. Troika Ranch's virtual calligraphies emerge projected from an interface which is opaque.
Mathematically, the procedure has a clear grammar: Isadora tracks motion and analyzes the numeric data. The software functions as a measuring tool or tool of observation.
Depending on the values, filters and modifiers assigned to the data, the program analyzes slight changes in the motion gesture -observing the 'living state' or properties of such movement (four categories: straight, curved, lateral, complex). Recognizing change of direction, speed, dynamics and velocity of movement within these categories, the program then renders the graphic output in real-time, and we can perceive the threedimensional dance and the projected 3D worlds of colors and shapes. Using a musical analogy, one could argue that the software program observes "tonal" qualities of the dancer's movement.
Another level of critical analysis could then be applied to particular choices the designers make for the visualization of data and feedback qualities of the control system. For example, how long opens up with a triangle-creature, whose intention is to move from stage right to stage left. It does so by hitching rides on points in the motioncaptured dancers' bodies, guessing which ones are moving in the right direction. It extends a line out to a likely point, and is then tugged that way if it has guessed correctly.
Sometimes its hunch is wrong; it has to relinquish its grip on that point and await the next opportunity. In such a case, that line is left as a trace, and thus the whole image as it progresses is simultaneously a history of its attempts. This virtual 'choreography', in other words, has memory.
The Monaco Dance Festival testified to such surprising advances in digital composition, as we watched the physical intelligence of Brown's dancers interact with the artificial intelligence of Downie and Kaiser's 'thinking images'. In a workshop, Downie emphasized that the computer is an embodied agent, deeply coupled to its environment such that its actions on its environment -mediated by the physical constraints of some virtual animated body -must be carefully produced and its perceptions of its environment -mediated by its limited sensory apparatus -must be carefully maintained. The machine is learning from dance; it can be trained to do so. The creatures' bodies and their physics are purely imaginary, of course, and it is noteworthy that the software artists prefer indeterminate images, lingering between abstraction and figuration, hinting perhaps at the spiritual in art once described by Kandinsky during his teaching at the Bauhaus. Many of today's dance-tech workshops and projects continue the great modernist tradition of Kandinsky's painting and Schlemmer's Bauhaus dances, to which my own work with the DAP-Lab is also indebted.
The maintenance of the motion analysis and real-time rendering system for how long involved a huge technical effort, unlikely to be repeated too often on the choreographer's busy touring schedule. Such work is also built on extensive research involving numerous artists and scientists over a period of years: laboratory conditions not generally available to dance companies. I am aware that these are slowly being created at universities or art labs across the world. Young artists find ways to build their own collaborative networks, use unconventional approaches (reverse engineering, adapting game engines or mobile devices) to make use of media assemblages in performance. It is important to acknowledge the diversity of interactional possibilities. Yet it is also crucial that dancers and designers have sustained time to find and develop specific performer techniques which can be trained. Each dance or media festival thus also provides an occasion to encourage critical dialogue between pioneers and newcomers, artists, audiences and scholars, in order to foster knowledge transfer for placing and evaluating new methods of practice and the provocative resonance of the systems and avatarperformer connections that stretch familiar frames of reference. 
